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Committee Scope: This Committee shall have primary 
responsibility for documents on tile storage, a'ansfer, and use of 
industrial gases. Included are the storage and handling of such 
gases in their gaseous or liquid phases; the installation of associated 
storage, piping, and distribution equipment; and  operating 
practices. The Committee also has a technical responsibility for 
contributions in tile same areas for medical gases and clean rooms. 

The Report of the Technical Committee on Industrial and Medical 
Cases is presented for adoption in 2 parts. 

Part I of this Report was prepared by the Technical Committee on 
Industrial and Medical Gases, and proposes for adoption 
amendments  to NFPA 50A-1994, Standard for Gaseous Hydrogen 
Systems at Consumer Sites. NFPA 50A-1994 is published in Volume 
2 of tile 1997 National Fire Codes and in separate pamphlet  form. 

Part I of this Report has been submitted to letter ballot of the 
Technical Committee on Industrial and Medical Gases, which 
consists of 14 voting members; of whom 12 voted affirmatively, 1 
negatively after circulation of any negative votes (Mr. Wolpert), and 
1 ballot was not returned (Mr. Murray). 

Mr. Wolpert voted negatively stating: 
"Negative vote only applies to file Committee Action on Proposal 

50A-6 (Log #3). It is good practice to provide for ~rounding for 
stationary storage systems including connective piping. The major 
hydrogen gas suppliers provide grounding for these installations. A 
requirement  for inclusion within the standard would be applicable. ~ 

Part II of this Report was prepared by the Technical Committee on 
Industrial and Medical Gases, and proposes for adoption 
amendments  to NFPA 50B-1994, Standard for Liquefied Hydrogen 
Systems at Consumer Sites. NFPA 50B-1994 is published in Volume 
2 of tile 1997 National Fire Codes and in separate pamphlet  form. 

Part II of this Report has been submitted to letter ballot of tile 
Technical Committee on Industrial and Medical Gases, which 
consists of 14 voting members; of whom 12 voted affirmatively and 2 
ballots were not  returned (Messrs. Ginn, and Murray). 
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PART I 

(Log #CP$) 
50A- 1 - (Entire Document): Accept 
SUBMITTER: Technical Committee on Industrial and Medical 
Gases 

[ RECO ̂MME., .NDATION: Revise NFPA 50A by substituting "$,500" 
for 3,000 in the standard where referring to SCF of hydrogen. 
SUBSTANTIATION: The quantity is adfnsted upward to reflect 
newer, larger cylinders, which have been in safe use. 
COMMITTEE ACTION: Accept. 

(Log #CP4) 
50A- 2 - (Entire Document): Accept 
SUBMITTER: Technical Committee on Industrial and Medical 
Gases 
RECOMMENDATION: Relocate all text notes from the standard to 
the Appendix material. (This does not  include notes to the Tables). 
SUBSTANTIATION: Any information that is advisory in nature 
belongs in the Appendix. 
COMMITTEE ACTION: Accept. 

(Log #1) 
50A- 3 - (1-1.2, 1-1.$, 1-2.6): Accept in Principle in Part 
SUBMITTER: R.L. Stoecker, Charlotte, NC 
RECOMMENDATION: Revise 1-1.2 as follow~ 

"Hydrogen burns in air with a pale blue almost invisible flame. 
The ignition temperature is 932°F (500°C) in either air or oxygen. 

The minimum ignition energy for hydrogen in air is ~ low, 
about 1/60th of a watt-second, hence static discharges must be 
avoided and proper grounding of stationary containers is needed at 
all times. The flammability limits are quite broad, and ranges from 
4percent  to 75 percent in air and 4 percent to 95 percent in oxygen. 

Pressurized hydrogen also exhibits an unusual property. When 
suddenly expanded from high pressure to a low pressure it heats up 
(called a negative Joule-Thompson coefficient). In view of this, 
valves must always be opened slowly." 

Revise 1-1.5 as foliow~ 
"Hydrogen, being nontoxic, can cause asphyxiation when it 

displaces the normal 21 percent oxygen in air in a confined area 
without ventilation. It's presence cannot be detected because it is 
odorless, colorless, and tasteless. 

Hydrogen remains as a gas at high pressures. It is liquefied when 
it is cooled to its boiling point Of-425°F. 

Delete 1-2.6. 
SUBSTANTIATION: 1-1.2 Static and Joule Thompson heating 
very important to be aware of. 

1-1.3 Added information regarding liquid hydrogen. 
1-2.6 Safety is safety. 

COMMITTEE ACTION: Accept in Principle in Part. 
Change the Foreword to Appendix B Physical Properties of Gaseous 
Hydrogen. The new Appendix will read: 

Appendix B Physical Properties of Gaseous Hydrogen 
Hydrogen is a flammable gas. It is colorless, odorlera, tasteless, 

and nontoxic. It is the lightest gas known, having a specific gra~ty 
of 0.0695 (air=l.0). Hydrogen diffuses rapidly in air and through 
porous materials. 

Pressurized hydrogen exhibits an unusual property. When 
suddenly expanded from high pressure to a low pressure, it heats up 
(called a negative Joule-Thompson coefficient). Hydrogen bums in 
air with a pale blue, almost invisible flame. At atmospheric 
pressure the ignition temperature of hydrogen-air mixtures has been 
reported by the U.S. Bureau of Mines to be as low as 952°F (500°C). 
The flammable limits of hydrogen-air mixtures depend on pressure, 
temperature, and water vapor content. At atmospheric pressure the 
flammable range is approximately 4 percent to 74 percent byvolume 
of hydrogen in air. 

Hydrogen remains as a gas at high pressures. It is liquefied when 
it is cooled to its boiling point of-423°F. 

Hydrogen is nontoxic, but can cause anoxia (asphyxiation) in a 
confined area widtout adequate ventilation. Because hydrogen is 
colorless, odorless, and tasteless, its presence cannot be detected by 
the human senses. 

Since the control of the hydrogen system can remain with the 
supplier, compliance with this standard will minimize the pos~;ibility 
of a consumer fire involving the hydrogen system, as weft ai die 
possibility of a hydrogen fire involving-the consumer's premises. 
cAppendix B, Referenced Publicationswill be moved to Appendix 

In the "NOTICE" at the beginning of the document, the following 
will be added: 

"Information on thephysical properties of gaseous hydrogen is 
found in Appendix B f  - -  -- 

COMMITTEE STATEMENT: It appears that the submitter's 
proposals are different towards the 1989 edition. Much of the 
material in question is currendy in the Foreword of the 1994 
edition. The unused portions the proposed text from 1-1.2 and 1- 
1,3 were considered too detailed to incorporate. 

Because the information currently in the Foreword is of an 
advisory nature, it will be moved to a separate appendix, Appendix 
B Physical Properties of Gaseous Hydrogen. 

Regarding the propmed deletion of 1-2.6, it again appears the 
proposal is directed towards the 1989 edition. The corresponding 
paragraph in the 1994 edition is 1-1.6. The propotal ~ to delete was 
rejected became the submitter did not  provkie technical or even 
qualitative substantiation for the deletion. 

(LOg #CPS~ 
50A- 4 - (1-2 SCF): Accept 
SUBMrrrER: Technical Committee on Industrial and Medical 
Gases 
RECOMMENDATION: Modify existing definition in 1-2 of ~SCF" to 
read as follows: 

SCF. One cubic foot of gas at 70°F (-21°C) and 14.7 psia (an 
absolute pressure of 101 kPa). 
SUBSTANTIATION: This is a minor change to the existing 
definition of SCF to be consistent with NFPA 55, Standard for the 
Storage, Use, and Handling of Compressed and Liquefied Gases in 
Portable Cylinders. This is also the preferred definition in the draft 
NFPA Glossary of  Terms. 
COMMITFEE ACTION: Accept. 

(Log ~ ;  
50A- 5 - ( 2 - 3 . 3 ) :  Reject 
SUBMI'I['rlgI~ R.L. Stoecker, Charlotte, NC 
RECOMMENDATION: Revise text to read as foilow~ 

~Joints in piping and tubing shall be made by welding or brazing. 
Flanged, thi'e/tded, socket slip, or compression fittings should be 
avoided. Brazing materials should have a melting temperature 
above 1000OF (558°C)." 
SUBSTANTIATION: Mechanlcal joints will leak with time due to 
creep, expansion and contraction of materials. 

Reason is obviousl 
COMMITTEE ACTION: Reject. 
COMMITTEE STAT]~[ENT: The submitter has not provided 
sufficient technical subsnmtiation to support the proposed change. 
"l~e Committee noted that the method/listed currenitly in the 
standard are commonly used, with no problems encountered. 

(Log #3~ 
50A- 0 - (2-4.7 (New)):  Reject 
SUBMYrrER: ILL Stoecker, Charlotte, NC 
RECOMMENDATION: Add new text: 

"Stationary storage systems and piping should be grounded." 
SUBSTANTIATION: Obviousl 
COMMITTEE ACTION: Reject. 
COMMITTEE STATEMENT: The submitter has not  provided 
technical substantiation to support the pmpused change. The 
Committee noted that the methods listed currently in the standard 
are commonly used, with no problems encountered. 

(Log #4' 
50A- 7 - (2-5.1): Reject 
SUBMrrTE~ R.L. Stoecker, Charlotte, NC 
RECOMMENDATION: Delete "or equivalent." 
SUBSTANTIATION: Not pertinent. 
COMMrrTEE ACTION: Reject. 
COMMITrEE STATI~[ENT: It appears the submitter is proposing 
changes to the 1989 edition. The corresponding section in the 1994 
edition is Section 2-5. 

If the words "or equivalent" were eliminated, markings in other 
languages would not  be acceptable under the standard. NTPA 
standards are international, therefore the equivalency statement is 
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necessary to incorporate languages other than English, symbols, or 
other equivalents. 

(Log #5) 
50A- 8 - (2-6.1): Reject 
SUBMITTER: R.L. Stoecker, Charlotte, NC 
RECOMMENDATION: Revise text to read as follows: 

"After installation, all piping, tubing, and fittings shall be purged 
with nitrogen to remove any traces of oxy~gen. Once completing 
purge the system shall bepressurized to m e  maximum operating 
pressure with nitrogen andchecked for leaks. When all leaks are 
removed, the system can be filled with hydrogen and checked for 
leaks. Once leak free, tile unit can be placed in service." 
SUBSTANTIATION: Hydrogen is highly ignitable, therefore 
oxygen must be removed. 

Should be obviousl 
COMMITTEE ACTION: Reject. 
COMMITTEE STATEMENT: It appears tile submitter is 
commenting on the 1989 edition of the standard. The 
corresponding section in file newer edition, 1994, is Section 2-6. 

The lines can be purged with gaseous hydrogen. There are 
product purity concerns when nitrogen is introduced. In addition, 
there is no history of incidents to warrant the suggested change. 

(Log #6) 
50A- 9 - (3-1.2): Reject 
SUBMITTER: R.L. Stoecker, Charlotte, NC 
RECOMMENDATION: Revise text to read as follows: 

"Systems should be located above ground in a well ventilated area 
remote from the use area. Location near buildings or places where 

~ eople congregate should be avoided." 
UBSTANTIATION: Obviousl 

COMMITTEE ACTION: Reject. 
COMMITTEE STATEMENT: The subject is currently covered in 
Table 3-2.2, Separation of Outdoor Gaseous Hydrogen Systems and 
Exposures. 

(Log #7) 
50A- 1O- (3-1.4): Reject 
SUBM1TTEP~ R.L. Stoecker, Charlotte, NC 
RECOMMENDATION: Delete. 
SUBSTANTIATION: I do not understand why hydrogen storage 
must be located on ground higher than all classes of combustible 
and flammable storage. 
COMMITTEE ACTION: Reject. 
COMMITTEE STATEMENT: The proposal is requesting an 
interpretation instead of providing a proposal with substantiation. 
The existing text of 3-1.4 describes why hydrogen storage must be 
located on higher ground. As stated in 3-1.4, it is to prevent 
accumulation of these liquids under tile system, perhaps resulting in 
a pool fire. 

(Log #8) 
50A- 11 - (Table 3-2.2): Reject 
SUBMITTER: "R.L. Stoecker, Charlotte, NC 
RECOMMENDATION: Make #13 and #14 have the same distance 
requirements as #12. 
SUBSTANTIATION: None. 
COMMITTEE ACTION: Reject. 
COMMITTEE STATEMENT: There are different conditions 
involved with Table 3-2.2, numbers 12, 13 and 14. Number 12 
addresses a possible exposure to a place of public assembly, 
whereas numbers 13 and 14 address potential exposures to the 
hydrogen system. 

(Log #CP1; 
50A- 12 - (3-2.3(g)): Accept 
SUBMITTER: Technical Committee on Industrial and Medical 
Gases 
RECOMMENDATION: Revise 3-2.3(g) to read: 

"More than one system of3,OO0 SCF (85 m 3) or less shall be 
permitted to be installed in the same room, provided the systems 
are separated by at least 50 ft (15 m) or where a masonry structures 
having a minimum fire-resistance rating of two hr is located between 
the systems. Each such system shall meet all of the requirements of 
this section." 
SUBSTANTIATION: The addition of the allowance of the 
masonry structure is to allow a tradeoff for distance where a fire wall 
is used. This concept has existed for outdoor systems for many 
years. 
COMMITTEE ACTION: Accept. 

(Log #CP2~ 
50A- 13- (3-2.3(g) Exception (New)): Accept 
SUBMITTER~ Technical Committee on Industrial and Medical 
Gases 
RECOMMENDATION: Add a new Exception to 3-2.3(g) to read: 

Exception: The separation distance between multiple systems of 
3,000 SCF or less shall be permitted to be reduced to 25 ft (7.6 m) 
in buildings where the occupancy between storage areas is free of 
combustible materials and protected with a sprinkler system 
designed for Ordinary Hazard, Group 1 occupancies or Light 
Hazard occupancies in accordance with NFPA 13, Standard for the 
Installation of Sprinkler Systems. 
SUBSTANTIATION: The added Exception allows a tradeoff 
between areas protected by sprinkler systems and distance, while 
still maintaining safety. 
COMMITTEE ACTION: Accept. 

(Log #CP6~ 
50A- 14- (4-2.3): Accept 
SUBMITTER: Technical Committee on Industrial and Medical 
Gases 
RECOMMENDATION: Delete existing Note to 4-2.3 and move to 
A-4-2.3 to read: 

A-4-2.3 For guidance in these construction techniques, see NFPA 
68, Guide for Venting of Deflagrations. 
SUBSTANTIATION: Per Committee Proposal 50A-2 (Log #CP4), 
all notes in the body of the standard that are advisory in nature will 
be moved to the Appendix, where all advisory material is located. 
COMMITTEE ACTION: Accept. 

(Log #9~ 
50A- 15 - (5-3): Reject 
SUBMITI'ER: ILL. Stoecker, Charlotte, NC 
RECOMMENDATION: Delete. 
SUBSTANTIATION: Covered by Table 3-2.2 item 08. 
COMMITTEE ACTION: Reject. 
COMMITTEE STATEMENT: Table 3-2.2 #8 refers to storage of 
these combustible items (lumber, excelsior or paper). Section 5-3 
is referring to tile grounds around the tank (vegetation). 

(Log #10; 
50A- 16- (6-1): Reject 
SUBMITTERx Mark Stroze, SafetySCAN LLC 
RECOMMENDATION: Revise text as follows: 

Hydrogen fires appear non-existent in the bright of day. A fire ma) 
be suspected if the surrounding heat is viewed against a background 
or if damage begins to occur, f f  a hydrogen fire is suspected, 
cautionary actions should be taken. "Low-cost systems, w-llght 
silicon charge coupled device (CCD) video technology with filters 
centered on the 940-and l l0nm emission peaks" (NSS 1740.16, 
601b, 6-8) can be used to detect the exact size, extent, and location 
of the fire from a safe distance. The source of the hydrogen can be 
cut off immediately and the surrounding area can be monitored for 
any possible reignition. 
SUBSTANTIATION: Hydrogen is one of the most plentiful natural 
substances on earth. It can be produced from such substances as 
water, sewage, garbage, landfill accumulations, agricultural 
biomass, paper product wastes and many other waste streams that 
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contain hydrogen-bearing compounds (American Hydrogen 
Association). 

Hydrogen has the unique property of being the only common fuel 
flint is not chemically bound to carbon. Hence, when it burns, it 
only produces heat energy, water, and variable trace amounts of 
oxides of nitrogen. Because of its abundance and nature, hydrogen 
is becoming more commonly referred to as the fuel of the future. 

Current research and development in automobile manufacturers, 
such as Mazda and General Motors, includes heavy empbasis on 
hydrogen-fuel powered cars. With "zero-emmission" standards by 
1998 coming into effect, hydrogen-powered cells have great potential 
as the fuel of the future. 

However, since hydrogen burns so cleanly, it is not visible to the 
naked eye during the daytime. Nor does it burn very hot. 
Hydrogen is easily ignited and the flame will reproduce at a rapid 
rate. These qualities justify the need for safety standards toward 
hydrogen utilization. 

In the past, the National Fire Protection Agency has accepted the 
procedure of sweeping a corn straw broom towards a suspected 
flame. With the nature of hydrogen flame being so prone to the 
wind, a broom rarely gives a close indication to the size of the fire. 
Nor does it give the exact location of the fire. The operator puts 
himself in harm's way every time he picked up a broom to detect a 
fire. 

Since the Apollo days, the National Aeronautics and Space 
Administration Space Centers followed this recommended method. 
In the early 1900 s at NASA's Jolm C~ Stennis Space Center they had 
a hydrogen flame ignite while doing routine repairs on one of the 
hydrogen barges. When the firefighters arrived, they brought along 
their hydrogen flame detector, the corn straw broom. Engineers at 
Stennis decided there had to be something safer and more effective 
than a broom to locate these fires. The latest technology available 
at this time to detect flames included thermal imagers. Yet these 
thermal imagers had namely three drawbacks found by these 
engineers: high cost, complex operation and long start-up times, 
and poor flame representation. The thermal imagers bad a 
tendency towards meager flame definition and exaggeration of size. 

Through research and development funding from NASA 
Headquarter's Office of Safety, Reliability, and Mission Assurance, 
Stennis Space Center developed a low-cost, near-infrared imaging 
camera that reliably images hydrogen flames. The flames are seen 
as black and white video images, in real time. With little start-up 
time and simplex operations, the imager can quickly locate the size, 
extent and exact location of a hydrogen flame. The imager is 
currently being manufactured by SafetySCAN as FIRESCAPE. 

The hydrogen flame imager has become part of NASA's SAFETY 
STANDARD FOR HYDROGEN AND HYDROGEN SYSTEMS (NSS 
1740.16, 601b, 6-8) as one of the recommended detection 
technologies. The manual mentions thermal fire detectors, 
ultraviolet and infrared optical sensors, thermal IR, ultraviolet and 
near-IR imagers, and broomsticks as possible detection devices NSS 
1740.16, 60lb. 6 - 7 -  6-8). However, drawbacks for most 
technologies were cited. Thermal fire detectors are reliable, but 
they need to be located at or very near to the fire. Tbe ultraviolet 
optical sensors are extremely sensitive, leading to numerous false 
alarms and they can be blinded in foggy conditions. The infrared 
optical sensors are tailored to hydrocarbon fires, making them 
mostly insensitive to hydrogen fires. Thermal IR imagers requires 
the user to determine whether the image is a flame and it does not 
provide continuous monitoring with alarm capability. The UV 
imaging systems are very expensive and require special optics. A 
broom can be used, however, with the nature of hydrogen flames, 
they have zero safety reliability. 

With this wide variety of devices available, most hydrogen standards 
have yet to be updated. The National Fire Protection Association 
lists in its Standard for Liquefied Hydrogen Systems at Consumer 
Sites (NFPA 50B, 1994 Edition), Chapter 7 Fire Protection, 7-1, 
"Personnel shall be cautioned that hydrogen flames are practically 
invisible". It is proposed this chapter should include: 

Hydrogen fires appear non-existent in tlae bright of day. A fire may 
be suspected if the surroundingheat  is viewed agaanst a background 
or if damage begins to occur. I f  a hydrogen fire is suspected, 
cautionary actions should be taken. "Low-cost systems, using low- 
light silicon charge coupled device (CCD) video teclmology with 
filters centered on the 940-and 1100nm emission peaks" (NSS 
1740.16, 601b, 6-8) can be used to detect the exact size, extent, and 
location of the fire from a safe distance. The source of the 
hydrogen can be cut off immediately and the surrounding area can 
be monitored for any possible reignition. 
COMMITTEE ACTION: Reject. 
COMMITTEE STATEMENT: Currently, detection is not required 
in the standard, so dais proposal was rejected. 

PART II 

(Log #CP8] 
50B- 1 - (Entire Document): Accept 
SUBMITTER: Teclmical Committee on Industrial and Medical 
Gases 
RECOMMENDATION:  Relocate all text notes from the standard to 
the Appendix. (This does not include notes to the Tables). 
SUBSTANTIATION: Advisory material is relocated to the 
appendix since it is advisory in nature per NFPA Manual of Style, 2- 
7.1.1; the body of the standard is reserved for requirements. 
C O M M I T T E E A C T I O N :  Accept. 

(Log #CP2; 
50B- 2 - (1-3 CF): Accept 
SUBMITTER: Technical Committee on Industrial and Medical 
Gases 

[ RECOMMENDATION:  In 1-3, delete the definition of "CF". 
S U B S T A N T I A T I O N :  The term is not used in the standard. 
COMMITTEE ACTION: Accept. 

(Log #CP4~ 
50B- 3 - (Table 3-2.2): Accept 
SUBMITTER: Technical Committee on Industrial and Medical 
Gases 

[ RECOMMENDATION:  Delete line 13 in Table 3-2.2. 
SUBSTANTIATION: The text of former Note 4 to Table 3-2.2, and 
its relocation [as a result of 50B-5 (Log #CP3)] to the text makes 
Line 13 of the Table redundant  
COMMITTEE ACTION: Accept. 

(Log #CP6', 
50B- 4 - (Table 3.2.2): Accept 
SUBMITTER: Technical Committee on Industrial and Medical 
Gases 

I RECOMMENDATION:  Delete Note 3 of Table 3-2.2. 
SUBSTANTIATION: Apar t  of the note was relocated to the 
Appendix in 501t-8 (Log #CP5), therefore is redundant. The rest of 
the note provides no necessary information. 
COMMITTEE ACTION: Accept. 

(Log #CP3', 
50B- 5 - (Table 3-2.2 Note 4): Accept 
SUBMITTER: Technical Committee on Industrial and Medical 
Gases 
RECOMMENDATION:  Relocate existing Note 4 of Table 3.-2.2 to 
be an exception to the existing 3-2.2. Per Committee Proposal 501t- 
fi (Log #CP9), (a) in current 3.2.2 will be moved to a new 
paragraph. The section will read: 

3.2.2 Tile minimum distance in feet from liquefied hydrogen 
systems of indicated storage capacity located outdoors, in a separate 
building, or in a special room to any specified exposure shall be in 
accordance with Table 3-2.2. 

Exception: The distances in Nos. 1, 4, 6, 7, 8, and 11 in Table 3- 
2.2, shall be permitted to be reduced by two thirds, but to not less 
than 5 ft (1.5-m), for insulated portions of the system; and, for 
uninsulated portions of the system, by the use of protective 
structures having a minimum fire resistance rating of 2 hours, which 
interrupts the line of sight between the uninsulated portions of the 
liquefied hydrogen system and the exposure. The protective 
structure, or the insulated liquefied hydrogen tank, shall interrupt 
the line of sight between uninsulated poru'ons of the liquefied 
hydrogen storage system and the exposure. 
SUBSTANTIATION: The text of the former note is relocated to 
the body of the text since it contains a requirement, as is suggested 
in the NFPA Manual of Style, section 2-$.1.3. 
COMMITTEE ACTION: Accept. 
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(Log #CP9) 
50B- 6 -  (3-2.2(a)): Accept  
SUBMITTER: Technical  Commit tee  on Industrial and Medical 
Gases 
RECOMMENDATION: In 3.2.2, remove existing subsection (a) 
and replace text of  existing subsection (a) in a new section, 3-2.3. 
Move the existing 3.2.3 to create a new section 3.2.4 to read: 

3-2.3 Unloading connect ions  on delivery equipment  shall no t  be 
posit ioned closer to any of  the exposures cited in Table 3-2.2 than 
the distances given for the storage system. 

3-2.4 Container  fill connect ions shall not  be less than 25 ft (7.6 m) 
from parked vehicles. 
SUBSTANTIATION: The existing 3-2.2(a) was a separate 
requirement ,  tberefore  was given a separate subsection° 
COMMITTEE ACTION: Accept. 

(Log #1 ) 
50B- 7 - (7-1): Reject 
SUBMITTER: Mark Stroze, SafetySCAN LLC 
RECOMMENDATION: Revise text as follows: 

"Hydrogen fires appear  non-existent  in the bright  of  day. A fire 
may be suspected i f  the sur rounding  heat  is viewed against a 
background or if damage begins to occur, ff a hydrogen fire is 
suspected, cautionary actions should be taken. "Low-cost systems, 
w-light silicon charge coupled device (CCD) video technology with 
filters centered on the 940-and  l l 0 0 n m  emission peaks" (NSS 
1740.16, 60 lb,  6-8) can be used to detect  the exact size, extent, and 
location of  the fire f rom a safe distance. The source of  the 
hydrogen can be cut off immediately and the surrounding area can 
be moni to red  for any possible reignition." 
SUBSTANTIATION: Hydrogen is one  of the most plentiful natural 
substances on earth. It can be p roduced  f rom such substances as 
water, sewage, garbage, landfill accumulations, agricultural 
blomass, paper  product  wastes and  many other  waste streams that  
contain hydrogen-bearing compounds  (American Hydrogen 
Associat ion) .  

Hydrogen has the unique proper ty  of  being the only common fuel 
that  is no t  chemically bound  to carbon. Hence,  when it burns, it 
only produces  heat  energy, water, and  variable trace amounts  of  
oxides of  nitrogen. Because of  its abundance  and nature, hydrogen 
is becoming more  commonly referred to as the fuel of  the future. 

Current  research and deve lopment  in automobile manufacturers,  
such as Mazda and General Motors, includes heavy emphasis on 
hydrogen-fuel powered cars. With "zero-emmission" standards by 
1998 coming into effect, hydrogen-powered cells have great  potential 
as the fuel of  the furore. 

However, since hydrogen burns so cleanly, it is not  visible to the 
naked eye during the daytime. Nor does it burn very hot. 
Hydrogen is easily ignited and the flame will reproduce  at a rapid 
rate. These qualities justify tile need  for safety standards toward 
laydrogen utilization. 

In the past, the National Fire Protection Agency has accepted the 
procedure  of  sweeping a corn straw broom towards a suspected 
flame. With the nature of  hydrogen flame being so prone  to the 
wind, a broom rarely gives a close indication to the size of  the fire. 
Nor does it give the exact location of  the fire. The operator  puts 
himself in harm's way every time he picked up a broom to detect  a 
fire. 

Since the Apollo days, tile National Aeronautics and Space 
Administrat ion Space Centers followed this r e c o m m e n d e d  method° 
In the early 1900 s at NASA's John  C. Stennis Space Center they had 
a hydrogen flame ignite while doing rout ine repairs on one of;the 
hydrogen barges. When the firefighters arrived, they brought  along 
dleir  hydrogen flame detector,  the corn straw broom. Engineers at 
Stennis decided there  had to be something safer and more  effective 
than a broom to locate these fires. The latest technology available 
at dais time to detect  flames included thermal imagers. Yet these 
thermal imagers had namely three drawbacks found by these 
engineers: high cost, complex operat ion and  long start-up times, 
and  poor flame representat ion.  The thermal imagers had  a 
tendency towards meager  flame definition and  exaggeration of  size. 

Through research and  development  funding from NASA 
Headquarter ' s  Office of  Safety, Reliability, and  Mission Assurance, 
Stennis Space Center  developed a low-cost, near-infrared imaging 
camera that  reliably images hydrogen flames. The flames are seen 
as black and white video images, in real time. With litde start-up 
time and simplex operations, the imager can quickly locate the size, 
extent  and exact location of  a hydrogen flame. The imager is 
currently being manufactured by SafetySCAN as FIRESCAPE. 

The  hydrogen flame imager has become part  of  NASA's SAFETY 
STANDARD FOR HYDROGEN AND HYDROGEN SYSTEMS (NSS 
1740.16, 601b, 6-8) as one  of  the r e c o m m e n d e d  detect ion 
technologies.  The manual ment ions  thermal fire detectors, 
ultraviolet and infrared optical sensors, thermal IR, ultraviolet and 
near-IR imagers, and  broomsticks as possible detect ion devices NSS 
1740.16, 60lb. 6-7 - -  6-8). However, drawbacks for most 
technologies were cited. Thermal  fire detectors  are reliable, but 
they need  to be located at or very near  to the fire. The ultraviolet 

tiCal sensors are extremely sensitive, leading to numerous  false 
s and they can be bl inded in foggy conditions. The infrared 

optical sensors are tailored to hydrocarbon fires, making them 
mostly insensitive to hydrogen fires. Thermal  IR imagers requires 
the user to de termine  whether  the image is a flame and  it does not  
PmarOVide cont inuous moni tor ing  with alarm capability. The  UV 

ging systems are very expensive and require special optics. A 
broom can be used, however, with the nature of  hydrogen flames, 
they have zero safety reliability. 

With tiffs wide variety of  devices available, most hydrogen standards 
have yet to be updated.  The  National Fire Protection Association 
lists in its Standard for Liquefied Hydrogen Systems at Consumer 
Sites (NFPA 50B, 1994 Edqtion), Chapter  7 Fire Protection, 7-1, 
"Personnel shall be caut ioned that hydrogen flames are practically 
invisible". It is p roposed  this chapter  should include: 

Hydrogen fires appear  non-existent in the bright of day. A fire ma) 
be suspected if the surrounding heat  is viewed against a background 
or if damage begins to occur. If a hydrogen fire is suspected, 
cautionary actions should be taken. "Low-cost systems, using low- 
light silicon charge coupled device (CCD) video technology with 
filters centered on the 940-and  l l 0 0 n m  emission peaks" (NSS 
1740.16, 601b, 6-8) can be used to detect  the exact size, extent, and 
location of  the fire from a safe distance. The source of  the 
hydrogen can be cut off  immediately and the surrounding area can 
be moni tored  for any possible reignition. 
COMMITTEE ACTION: Reject. 
COMMITTEE STATEMENT: Currendy, detect ion is not  required 
in the standard, so the proposal suggesting methods  for detection 
was rejected. 

(Log #CP5', 
50B- 8 -  (A-3-2.2): Accept  
SUBMITTER: Technical Committee on Industrial and Medical 
Gases 
RECOMMENDATION: Add a new Appendix  item, A-3.2.2 to read: 

A-3-2.2 Separation distances to exposures in Table 3-2.2 should be 
measured in a direct  line of  sight or horizontally in the shortest path 
along the outside of buildings. The  5 ft distance in Table 3-2.2 
facilitates main tenance  and enhances  ventilation. 
SUBSTANTIATION: This Appendix  material is added  for 
clarification, as well as providing addit ional advisory material. 
COMMITTEE ACTION: Accept. 
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